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and
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Abstract

In August, 1968, ?residentJohnson announcedthat the people of BikiniAtoll aould be able to return to
their homeland. Thereafter,similarapprovalwas given for the return of the peoples of Enewetak. These
two regions,which comprisedthe Pacific Nuclear Testing Areas from 1946 to 1958, will probablybe repopu-
lated by the original inhabitantsand their familieswithin the next year. AS part of its Continuing
responsibilityto insure the public health and safety in connectionwith the nuclear programsunder its
sponsorship,ERDA (formerlyAEC) has contractedBrookhavenNational Laboratoryto establishradiological
safety and environmentalmonitoringprograms for the returningBikini and Enewetak peoples. These pro-
grsma are describedin,the followingpaper. They are designed to define the extermJ radfaticstenviron-
ment, assess radiationdoses from internalemittersin the human food chain,make long range predictions
of total doses and dose commitmentsto individualsand to each populationgroup, and to suggestactions
which till minimize doses via the more significantpathways.

Introduction

The U.S. nuclear testingprogramsof the 1960s and 1950a had significantlocal environmentalimpacts on
the coral atolls of Bikini and Enewetak in the Marshall Islands. The high level close-in falloutmade
these atolls uninhabitablefor many years. Fallout from the BRAVO event, which took place at Bikini in
1954, was inadvertentlydepositedon the nearby atolls of Rongelap,Rongerikand Utirik. In all, some
thirteen atolls in the northernXarshallswere probably affectedto a greateror lesser extent by fallout
from these nuclear tests. Of these,however, the most significantlong term radiologicalimpact was
on the test atolls,Sikini and Enewetak,and on RongelapAtoll.

In 1957, Rongelapwaa reoccupiedby its original inhabitantswho had been evacuatedtwo days after
BRAVO. During the past severalyears, definitiveplans have been made to repatriatethe originalhabita-
nts of Bikini and EnewetakAtolls, aad their families. It is hoped that their return can take place soon.

In order to identifyradiologicalproblems from residual radioactivityin the environment,end to
provide a data base for dose predictionsapplicableto the returningpopulace,ERDA (and its predeceaaor,
the AEC), has sponsoredmany radiologicalsuneys in the Karahall Islande. These surveysbegen during
test operationsand have been ccnductedperiodicallyup to the present time. Results of the aurveyahave
been publishedin numerousreports and scientificjournala. References1 through 12 are publishedreports&
of AEC/ERDA supportedsurveysof these atolls: References13 through 29 are a portion of the published
reports on work with collectedenvironmentalsamplessupportedby AEC/ERDA.

.
Evaluationof survey results for Bikini Atoll, the considerationof predictedexposurescomparedwith

applicableradiationstandards,and the acknowledgementof the many benefitsto the people if they could
return, led to the decisionto clean up and rehabilitatethat atoll. The Departmentof Defense,Depart-
ment of the Interior (DoI), end AEC (now ERDA) participatedin a joint ●ffortof clean up end rehabilita-
tion of BikiniAtoll startingin February,1969. Clean up waa completed in the fall of that year. Agri-
culturalrehabilitationand housing constmactionia being conductedby DOI.

The decisionto return the Enewetakeseto their atoll led to a comprehensivesurvey conductedat
Enewetak in 1972-1973.(10) A regionalsurvey planned for 1976 will provide baaeline radiologicaldata
for futuredose assessmentsthroughoutnearly all of the northern Marahall Islandewhich maY have been
affectedby the testingprogram. Environmentalevaluation at Rongelap and Utirik Atolls have been under-
taken eriodicallyin associationAth ERDA’s medical ●valuationsprogram there over the pact 20 ‘
yeare,f30-42)

Rom all of these earlier suneys, it became apparentthat periodic ●nvironmentalmonitoringand dose
assesementsmust be made for Bikini, Enewetak,Rongelap and perhaps other atolla in the rtorthernMarshalle
to maintain a currentradiologicaldata base and to provide current informationon individualand popu-
lation doses. This followupmonitoringia being performedby BrookhavenNationalLaboratoryat the
request of the Divisionof OperationalSafety, U.S. Energy Research and DevelopmentAdministration.

*Researchcarried out at BrookhavenNational Laboratoryunder the auspiceaof the U. S. Energy Res-
earch end DevelopmentAdministration. By acceptanceof this article, the publisherand/or recipient
acknowledgesthe U.S.Gmeroment’s right to retain a nonexclusive,royalty-freelicense in and to any
couyrizhtcoveringthis paper...-
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The primary radiologicalproblems are the result of residual fissionand activationproducts in the
terrestrialenvironment. They have been identifiedby previous environmentalsurveys as follows: 1) Ex-
ternal radiation levels significantlyhigher on some islands in an atoll compared to levels on lightly
contaminatedislands. 2) Fission and activationproduct radioactivityin certain terrestrial food items
now growing on islandsof these atolls and the possibilitythat unacceptableIevela of these radionuclides
may appear in foods,plants and animals newly introducedinto these atolls. 3) Radioactivity in the
ground water, a possible source of drinkingwater and water for irrigation. 4) Plutonium and americium
isotopes in the surface soil. These factorsare illustratedby data in Tables 1 through 4 taken from
previous radiologicalsurvey reports.

Table 1. Gamma RadiationRates in Bikini Atoll’.-
(mR/hr)

— Exposure rate
Island ?.ange ?laiorcontributors

Bikini .010-.120 3JCS
Weathered areas
Close to shore
Island center
Hot spots

Eneu
Nam

Outer edge
Island center
N..E.corner

Bokamuak, Iomelan,
Rojkere,Eonjebi

Aerokoj-Emenmancomplex:
Aerokoj, Aerokojlol
Bikdrin, Lele
Eneman

East Enemen
West Eneman

Enidrl.k
East Enidrik

.010-.030

.020-.040

.050-.080

.080-,120+

.002-.010

.010-.330

.010-.030
,015-.150
.110-.330
.003-.010

137c~

60C0,137C$

**

.001-.010 *

.006-.010

.001-.570

.001-.010

.020-.570

.003-,235

.003-.030

*
125~b loz~

60C0, ,

125Sb 102~
‘50co, ,

West Enidrik .010-.235
Lukoj .060-.200

60C0 125Sb 102~
, 9

Jelete .060-.130 *
Oroken .015-.045 **
Bokaetoktok .010-,035 *
EokdroluL .020-.050
Bokbata .010-.030-

60C0 137C$
,

Aomen-Iroijcomplex:
Aomen .005-.020
Lomilik .020-.330

%Co
s125Sb

Odrik, Xroij .010:.040 *

“See ref. 9.
*
No SO1l sample or field spectrameasurements.

In some cases, the predicted doses end dose cotuuitmentsderived from survey informationfor Bikini

(
landEnewetekAtolls approachor even exceed national and internationalradiationprotection standards for
certain living end dietary patterns. Correctiveactionsor restrictionsmust be placed on use of these
I;atollsand their resourcesto assure that the applicableradiationstandardsare not exceeded. Eerein
lies the prfma~ justificationfor the continuingenvironmentalfollowup surveys sponsoredby ERM.

EnvironmentalMonitori~—,

The most importantsources of exposure to people living on Rongelap and to future residents of Bikini
and EnewetakAtolls are from internaldepositionof radioisotopeafrom’certainelements in the human
diet, end from the loug term occupancyof islandshaving external radf.ationdose rates higher than
naturaI background. Aside from periodic re-evaluationsto establish trends in external dose rate
reduction,externalradiationmonitoringwill assume less significance,
food chain, as tfme passes.

compared to monitoring of the
At present, annual visits are being made to identify and collect repre-

sentativesamplesof local diets for laborato~ analysisand dose commitmentupdates. New locally
grovn food items are becoming availablein small quantitieson Bikini Island as a result of the experi-
mental agriculturalpracticesof a small group of caretakerfamilies living there. Neither Bikiml Atoll,
where radiologicalcleanup has been completed,nor EnevetakAtoll vhere clean up has not yet begun,
have a subsistenceagricultureresource in being which is sufficientto support the anticipatedpopula-
tions which will one day live there (thoughsuch crops are currentlybeing developed or planned).
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Table 2. Concentrationsof @K, 60c0, Y‘Sr, and i3/c~ in FOod plants Collectedon Bikini

Island in November 1971 and March 1972*
Collection Kilg, dry+

Plant tvpe Tissue date 4UK !JUco Jtcs ‘USr
Lettuce Entire March 1972 7.1+6.1 Xs+ 1860~10 320 ~25
Papaya /?1 Seeds March 1972

,,
17 ~2 0.13fi.12

Fruit March 1972 31 53 Xs
Papaya +2 Seeds March 1972 14 +4 Ys

‘, Fruit ?.farch1972 23 ~3 Xs
Pandanus Fruit Xovember 1971 7.5+.6 0.05+J9.03

(edible)
!, Fruit November 1971 12 ~2 Xs

(fibrous)
,$ Leaves November 1971 3.4~1.5 Ys

Coconut #1 :.~eat November 1971 1.6~1.3 Ss
,, Xi1k Xovecber 1971 3.9+1.9 Xs

Coconut #2 Meat November 1971 4.4~2.l NS
,, Yilk November 1971 4.22.5 Ys

Coconc: #3 Xeat November 1971 11 & h%
Coconut #4 Meat November 1971 2.5+2.0 xs

,, Milk November 1971 3.@l.8 NS
Coconut #5 -?feat Noveuber 1971 15 & NS

,1 Milk November 1971 2.1~1.3 NS
coconut Fronds (old) November 1971 7.~5.o NS

Fronds (new) November 1971 14 ~5 NS

NAs
72 ~3

NA
69 +4
56 ~ 0.6

220 ~ 2.2

190 ~ 1.9
NA
NA

0.88+ 0.04
< .22-

NA
NA
NA
NA
NA
NA
M

~See ref. 11.
The error terms for

40K 60
Co, and 137Cs are rwo-sigma,propagated,countingerrors. The

errors for 90Sr are ~ne-sigma,propagated,counting errors.
t
NS = not significant. The net sample count is less than the two-sigma,propagated,

5
counting error.

NA = not analyzed.

Table 3. Some Radionuclidesin Water Samples Collectedwith a Large Volume Filter SorptionBed
from Bikini Atoll. May 1972*

Collection Liters Radionuc;.ide concentrationin pCi/m3+

location Fraction SamPled o‘JCo 13/cs i~>~u~
Bravo Crater Particulate+ 3785 51 23 12 ~1 97 ~ 27 +2 70 is
(bottom) Soluble6 3785 28 ~8 <14 + ao 160 711 <313

Bravo Crater Particulare 3785 6.5~1.& N~A 9.~L.3 o.s~ 0.3 8.2~1.4
(surface) Soluble 3785 <lo <6 <16 <12 <22

BokdrolulPass Particulate 4088
(ebb tide) Soluble 4088

BokdrolulPass Particulate 4921
(flood tide) Soluble 4921

Bikini Island Particulate 1620
(seawardre@ Soluble 1620

Bikini Island Particulate 2271
(lagoon) Soluble 2271

Ocean between Particulate 6898
Bikini and $.uiuble 4898
Enewetakll
Bikini Island Particulate 1893
(freshvater Soluble 1893

6.%7.3 Ns 6.4~1.2 Ns 5.4~1.l
1.45.6 <1.0 -Q.3 3.~ 0.5 C2$9
2.15.7 Ns 1.5$.8 Ns 1.~o.9
NS NS NS 2.521.7 NS

l.~l. s Ns NS 2.~ 0.8 Ns
6.225.4 Ns NS NS Ns
s.~l. o Ns Ns 0.76~0.38 1.1X1.1
9.23.6 Ns NS Ns Ns
NS 7.751.0 NS NS NS
NS Ns NS Ns Ns

21 23 21 ~1 14 23.7 NS NS
549 990 MO <2 <7 34g

*See ref. 11.
~Errors are two-sigma,propagated,counting errors,
‘Particulate--thatportion retainedby the 0.3 u filter.
6Soluble--thatportionwhich passes through the 0,3 u filter and is sorbed by the A1203 beds.
ANS--not significant. The net sample count is less than the two-sigmej propagatedcountingerror.
el%is samplewas collectedover a 6 hr period between the followingpositions: 11o29’5°by

164°58’0” E to 11°24’5” N by 16-4o18’0”E.
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~ble 4. ‘3Y~240pu, L4i~ in surface Soil Samples*Collected at Bikini Atoll in 1972,
activitiesin PCi/x + lc.

Locstion
239,240fi 238PU 241-b

239’2%uf238Pu 239‘240Pu/241Am

1s1-29,Ourukaen 15.3 +0.5 5.7 5.2 3.65.3

1s1-30,’Bokoatokutoku

2.86 4.53
4.3 -H3.42

1s1-30;Bokoaeto.kutoku
PisoniaGrove

Boro Bokororyruru,1s1-31
down centerof island

xamu, west end + 150 yds
Namu, 200 yds SW of bunker
300 yds’E of west tip

Namu, top of bunker center
of island

Namu, 200 yds E of bunker,
center of island

Bikini,Row 24 center BL to
1st BLN

Bikini,N cornerof ctr. BL
and LagoonBeach Rd. ,

Bikini, Row 34
1st BL

Bikini,Row 38
Lagoon Beach

Bikini, Row 25
pile sample,
of 2nd BLN

Bikini, Row 34
1st BLS

Bikini, ROW 24
1st BLS

Bikini, Row 24, 1st BLN to
Lagoon Beach Rd.

Bikini, Row 34, 1st BLS to
2nd BLS

Bikini, Row 24, Lst BLN to
2nd BLN

Eneman, NW end of island
500-700millhrarea

Eneman, 500-700mR/hr area

center BL to

2nd BLN to
Rd.
or 26 sand-
LOO yds S

ctr BL to

ctr BL to

15.1 3.7
22.25.5

36.4 22.8

24.0 &.1
20.1 fi.3

22.9 $.7

17.45.6

3.3+J3.1

3.41~0.36

3.0 iJ3.2

2.5 fl.2

o.5@.05

10.8 ~.04

13.2 5.3

9.35.4

11.6 fi.4

7.8 @.2

209.2 ~.O

360.9 25.9

3.9 $.3
6.7 +.2

7.25.8

oo.28fl.02
0.24~.02

0.315.04

0.57+J3.11

0.45$.04

N.R. +

0.09.04

o.07fi.04

N.S.6

N.R.

N. R.

o.3&l.07

0.09fi,02

0.20&.03

97.6 +.3

174.322.8

7.05.30

13.0 ~L.1

14.0 fi.4
11.0 fi.7

1s.0 fi.05

10.0 fi:s

2.2 ~o.3

.87+.12

2.1 fi.z

1.2 fi.2

--

3.3$.3

8.49.55

4.15.2

5.3$.4

3.53.3

24.0 ~1.5

45.o~l.o

3:i7 3.51
3.31 3.17

5.05 2.75

85.7 1.68
83.8 1.76

73.9 1.57

30.5 1.68

7.33 1.50

-- 4.01

50.0 1.42

35.7 2.08

-- --

.- 3.27

. . 1.58

23.8 2.27

128.0 2.18

39.0” 2.23

2.L4 8.57

2.07 8.05

*
+Single sampleerror values are one-sigma,propagated,countingerrors. See ref. 29.
~N.R. Not resolvedby alpha spectroscopy.
N.S. Not significant.

.
Aa a result, some of the dietary items likely to have the higher radionuclidescontent,e.g. pandanus
and breadfmit, are not actual problems to date. They may or may not be of concern in the future as the
plantingsmature and the fruit becomes availablein quantity. Thus, the diets of people living in these
two atolls are expected to change over the coming years reflectingthe relativeInfluencesof Imported
and locallygrown food items. Allowancehas been made for this in developmentof radiationdose
estimates. Experimentalstudies at Enewetakmay yieId techniquesto interruptor break the recyciing -
of radionuclidesthrough the vegetation,soil, and groundwater systems, and thereby reduce the radio-
activity contentof some importantdietary items. All of the aforementionedfactorswill necessitate
continuingmnitoring of the diet for many years. Periodicsampling and analysisof soil and ground
water will be necessary in order to establishtrends in the changesof radioactivitycontent of these
media.

In the northern Marshal la, drinkingwater ia obtainedprimarilyfrom rain water catchmants. While the
radionuclidecontentof collectedrain water till not be zero, thla source is not expectedto contribute
significantlyto the radiation exposurepicture for futureBikini, Enewetak, and RongelapAtoll residents.
However, rain waeer which drains from the windward side of building rooftopsmay provide useful data on
resuspensionof radioactivityin the soil. The collectionof rain water by future Bikini and Enewetak
residentsis being facilitatedby includinggutters and water storage tanks in plans for houses and
communitystructures. Some of the larger islandahave fresh groundwater locatedonly a few feet below
the surface. Analysis of this water for its radionuclidecontenthaa been limited to date and the
capacityof this resource to serve the needs of island residents is not well defined.
this water is being supportedby ERDA.

More study of

Oose predictionsfor Bikini
deliberatelyconservative,and

5002333
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$%:? ‘~ ~e~iableassessmentsof actual doses must be determinedthrough personnelmonitoring. Externalradiation
%p: a.~imetersdo not appear to be a practicalmeans of personnelmonitoring for individualexternaldose
<

“--

measurements,although certain individualswithin given populationsmay be relied upon to wear them.

A !rlifestylemodel” which includesestimatesof occupancy factors for various locationsin a given atoll
has been coupled with environmentalmonitoringdata to estimate average external radiationdoses to
individuals. This model will be revised as needed so that it closely approximatesthe actual lifestyle
of the people.

The more important internalpathway can be monitoreddirectlyby conventionaltechniquesof bioasaay
and whole body countingof intiiviJuals.A portableshadow shield whoIe body counter has been constructed
and mounted in a shipboardtrailer for use in the Marshall Islands. It is capableof quantitative
detection of very small quantitiesof certain radionuclidesin the body such as 137CS and 60C0, the
primary environmentalgamma emittersat Bikini,Enewetakand ROngelap.%tolls.The system clearlyidenti-
fies individualsin the Rongelappopulationwho are not followingthe recommendeddicta restrictions
on eating coconut crabs from certain locations.(42,43) Body burdens of 9°Sr/9%, 239,2%~ and 24Lh

are estimated by the radiochemicalanalysisof urine samples. Urine sample collectionsand whole body
countin~ will be nerformedeverv one to two Years at Bikini and Enewetak Atolls when the PeoPlereturn,
~and every two to three years at RongelaPAto~l until the reaultawarrant leaa frequentmeasurement
intervals.

Summazy

Marshall Islands RadiologicalFollowuphas consistedof intensiveenvironmentalstudies at Bikini,
Enewetak, and RongelapAtolls to gather radiologicaldata on the external radiationenvironmentand on
radioactivityin food chains. Radiationand radioactivitylevels in these atolls are being reducedwith
time. ‘Thesechanges are monitoredin annual or biannualenti~onmentalsumeys. Updated inforuwtionia
used to make conservativeestimatesof populationdoses and dose coaunitments.When people have returned,
actual internal doses to individualsare determinedfor whole body counting and bioassay data. These
results are combinedwith environmentaldata on the external radiationenvironmentto completethe total
dose assessmentpicture.
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